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of solar energy conversion and storage [1].  
 
The aquatic photosynthetic microorganisms and cyanobacteria microalgae world have a considerable potential 
and almost untapped bioenergy production [1, 2]. In fact, these microorganisms are of great importance, due to their 
ability to produce compounds that has a high values and energetic interest as: lipids, hydrogen, carbohydrates and 
proteins [3, 4]. Their uses allow to develop new innovative processes for biofuel production.  
 
An alternative is offered by microalgae. These photosynthetic microorganisms convert the light, water and carbon 
dioxide into algal biomass. [5] The key technologies for the production of microscopic algae biofuels include 
identification of preferable growing conditions to obtain high productivity oil [6]. Currently, algae are not yet used at 
large-scale in biorefineries; it indicates that a significant progress in these domains will be necessary. However, the 
purpose of this study is specifically focused on increasing algal biomass yield, based on photonic approach summing 
up  the movement of light waves into the area of photosynthesis (spectral shifting) to propose a crops method in 
order to maximize the biomass yield, in an optimal time, so, it will be used in the biocarburants production. For the 
raisons and the causes previously mentioned, we have chosen the Chlorella. 
 
Chlorella is a unicellular green alga living in freshwater; it takes a round or ellipsoid shape, with a mean diameter 
of 5 microns. [7] One cell chlorella can be divided into four cells from 16 to 20 h, absorbing sunlight for 
photosynthesis operation. [8] It is rich in vitamins, fatty acids and minerals [8, 9]. This alga is also a rich source of 
antioxidants which take an important place because of their uses in feed and medicinal areas. [10] It has attracted the 
attention of biotechnologists, because it’s considered as a major source of biomass [11] and it is widely used in 
various other applications like: water treatment, removal of heavy metals [12-14]. etc. .., the crop conditions for this 
type of algae and the influence of various parameters such as temperature, pH, and nutrient media are optimized 
parameters for this strain kind [15]. The modification of these settings will lead virtually to no significant 
improvement of the biomass yield. However, it has been approved that the modification of the spectrum could affect 
growth [7] in fact; this factor has an important contribution on the biomass yield [16].  
 
However, the spectral adaptation technique that uses luminescence to optimize the solar spectrum requirements of 
the bioconversion is the only economically viable parameter [17]. The technique of spectral shift (spectral shifting) 
improves crop yield more, this technique is compatible with all cropping systems based on sunlight, several 
luminescent molecules and materials are potentially useful and capable of moving the solar spectrum. 
 
Organic colorants are mentioned, organometallic and quantum dots. The absorption spectrum and emission of both 
colorants coumarin 343 and Oxazine present a potential spectral evolution for photosynthesis. The use of optimized 
combinations of these luminescent compounds can be directly integrated in plastic matrices such as PMMA in order 
to generate a spectrum of measurement that corresponds to the specificity of each algae. The compounds used are 
very dilute, and therefore higher costs compared to non-doped materials remains very modest.  
 
In this work, a PMMA tubes doped with luminescent compounds (optically active) for the Chlorella strain crop 
has been used under natural and artificial light. 
 
2. Materials and Methods 
 
2. 1. Experimental procedure 
 
Chlorella cultures have been performed continuously in three plastic tubes (PMMA, 50cm diameter, 1cm length) 
doped with different concentrations of optically active molecules (Lumogen Yellow and Rhodamine B, Rhodamine 
8G, 2,5-diphenyloxazole PPO). Laboratory crops are exposed to artificial light provided by three Neon lamps 18 
W/m2, and at a temperature of 25±2°C. At the other hand, the photosynthesis is occurred in natural light outside.  
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2. 2. Results and discussions 
 
 
Fig. 2. Cell growth (Laboratory test results).                                             Fig. 3. Concentration of biomass (outdoors cultivation). 
 
 
Figure 2 shows the results obtained for an under artificial light crop, three doped tubes have been used with 
optically active molecules (Lumogen yellow PPO 2, 5-diphenyloxazole, Rhodamine B and Rhodamine 8G). The 
biomass concentrations obtained from crops in doped tubes are superior than those of neutral tube (not doped with 
optically active molecule), the graphs show that the biomass concentration obtained increases with time in all the 
tubes and is higher in the doped tubes compared to the neutral one, this increase is exclusively due to sunlight 
spectral shifts (spectral shifting) by optically active molecules. In addition, it’s noted that the biomass concentration 
in the neutral tube reaches the stationary phase in 5 days; on the other hand, the doped tubes remain in the 
exponential phase and therefore increasing performance, which confirms the positive and significant effect of 
spectral shift in optically active molecule. 
 
 
Figure 3 shows the results obtained for a crop in the open air under sunlight; we used the same tubes as the 
previous crop. 
 
From Figure 3, it is clear that, under the same conditions of temperature and light intensity (Fig. 4 and 5), neutral 
tube and doped tubes have the same curves style with a high and remarkable difference between the doped tubes and 
the reference one (undoped), noting that it gives the best biomass yield on the second day of experience. Two 
hypotheses can be based on these results; it can be explained by molecules degradation under the effect of UV thus a 
potential loss of some of its activity. It should be noted that the PMMA is degraded under the UV effect [19] and 
Rhodamine have a rather poor strength to light [20] for a remedy that, the integration of UV molecules is necessary 
to avoid the harmful effects of UV on the organic molecules or an increase in the concentration of luminescent 
molecules well adapted and capable of UV shifter. The growth Blocking may be due to photoinhibition. 
Photoinhibition is the phenomenon of a photosynthesis decrease by organisms [7, 21, 22], when they are exposed to 
high radiation. The decrease in photosynthesis under high light (fig. 6) can also result from other causes of 
photooxidation and other causes in our case the spectral shifts induced in the doped tubes has increased radiation in 
the region of photosynthesis for an  outdoors crop it is important to optimize the organic molecule composition to 
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Fig. 4. Change in temperature during the day with time                      Fig. 5. Change in solar radiation during the day with time 
 
 
Fig. 6. Development of algal biomass with                                         Fig. 7. Evolution of biomass according to the temperature       
                               solar radiation (W / m2) / d                                                                                        ambient (° C/d)                                                        
 
  
As light, temperature, too, is a fundamental parameter that directly affects crop yields. Comparison of  free air 
results (Fig. 3) with the temperature values (Fig. 4) indicates that the biomass concentration increases with 
temperature increasing, but in limits, which explains the concentration decrease in the third day of crop, which is 
characterized by a temperature about 38 ° C (fig 7)at noon, and reaches 43 ° C to 13 h 30. The latter negatively 
affects the growth of microalgae cultivation.  
 
By studying the influence of colorimetric tubes used in this study (Fig. 8), the comparison of the factors L *, a * 
and b * characterizing photobioreactors used with transparent photobioreactor chosen as reference, shows that there 
is a small difference in the parameter L * for the three reactors compared to the reference. While there is a 
significant difference for the two factors a * and b *, which allows us to say that these two parameters have the 
largest contribution in the microalgae growth, which is more elevated in these photobioreactors. While the factor L * 
does not have a significant influence on biomass production. In addition, by comparing the color distance (ǻE) 
between the doped tubes and the transparent tube, it’s noted that the lowest value obtained is in the tube N = 3, and 
the three tubes have a significant difference compared to the reference tube, which confirms the results obtained 
earlier (test lab and test free area). However, the light spectral shift is realized in the laboratory in the doped tubes 
such that the biomass increases with decrease of the parameters a * and b *contribution, and with increasing 
parameter L * (represents the brightness or luminance that is to say the color of the object light or dark). On the 
other hand, the free air results are completely reversed, confirming the degradation of optically active molecules by 
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Photosynthetic algae have the potential to be an alternative in the field of energy. However, performance issues 
are of paramount importance in this area, and any new approach to the microalgae cultivation for the production of 
products such as fuel must reflect the costs of production. In this study, we have shown that the use of optically 
active molecules (doped) for the spectral shifts of the solar spectrum has a significant effect on the performance.  
 
In a crop, each factor has an important contribution to the microalgae growth, temperature, environment and the 
use of artificial light are limiting factors, the results shows that the spectral shift of sunlight approach is the most 
important, since it is the only factor economically profitable but within certain limits, it can cause the photoinhibition 




[1]  Damien LARROQUE, DOSSIER DE PRESSE. Bioénergies : les recherches sur les biocarburants de 3ème génération  2010. p. 3 and 6. 
[2] Y. Chisti. Biodiesel from microalgae; Research review paper; Biotechnology Advances 25; 2007. p. 294–306. 
[3] Sandesh Kamath B. Biotechnological production of microalgal carotenoids with refrece to astaxanthin and evaluation of its biological 
activity.  Doctoral thesis; 2007. p. IV.  
[4] Ryan W. Hunt, Andrey Zavalin, Ashish Bhatnagar, Senthil Chinnasamy and Keshav C. Das. Electromagnetic Biostimulation of Living 
Cultures for Biotechnology, Biofuel and Bioenergy Applications.  Int. J. Mol. Sci. 10; 2009. p. 4515-4558, doi: 10.3390/ijms10104515. 
[5] Yusuf Chisti. Biodiesel from microalgae beats bioethanol.  Trends in Biotechnology; Vol.26 No.3; 2008.  P. 126-131.  
[6] Chun-Yen Chen, Kuei-Ling Yeh, Rafika Aisyah, Duu-Long Lee and Jo-Shu Chang. Cultivation, photobioreactor design and hervasting of 
microalgae for biodiesel production: a critical review.  Bioresource technology 102;  2011. p. 71-81. 
[7] Barbara Clément-Larosière. Etude de la croissance de Chlorella vulgaris en photobioréacteur batch et continu, en présence de concentrations 
élevées de CO2. Thèse de doctorat ; ÉCOLE CENTRALE PARIS ;  France ; 2012.  p. 10 et 46. 
[8] K. Morita, T. Matsueda, T. Iida and T. Hasegawa. Chlorella Accelerates Dioxin Excretion in Rats. The American Society for Nutritional 
Sciences J. Nutr; (129) 9 ; 1999.  p. 1731-1736. 
[9] M. C. Patron. La chlorella, micro algue, maxi effets. Tandem Santé Magazine ; N° 42 ; Août 2011. p.5. 
[10] Mary L.S. Queiroz, Cristiane O. Torello, Simone M.C. Perhs, Michelle C. Rocha, Etelvino J.H. Bechara, Marcelo A. Morgano, Marize C. 
Valadares a, Ana Paula O. Rodrigues, Aline Lisie Ramos  and Chrislaine O. Soares. Chlorella vulgaris up-modulation of myelossupression 
induced by lead: The role of stromal cells. Food and Chemical Toxicology 46; 2008.  p. 3147–3154. 
[11] Yuan-Kun Lee. Microalgal mass culture systems and methods: Their limitation and potential.  Journal of Applied Phycology 13; 2001. p. 
307–315. 
[12] R. Singh. Selective separation of lead ions from waste water by immobilized Chlorella based biosorbents.  International Journal of  
Chemical and Environmental Engineering Volume 3, No. 2;  2012. 
[13] R.  A. Zerhouni, D. Bouyq, C. Ronneau, J. Cara. Phosphate, nitrogen, chromium and cadmium uptake by three green algae species isolated 






















































L* a* b* ¨E
580   Souad Zighmi et al. /  Energy Procedia  50 ( 2014 )  574 – 580 
[14] Shiro Nakano, Hideo Takekoshi, and Masuo Nakano. Chlorella (Chlorella pyrenoidosa) Supplementation Decreases Dioxin and Increases 
Immunoglobulin a  Concentrations in Breast Milk.  JOURNAL OF MEDICINAL FOOD J Med Food 10 (1) ;  2007.  p. 134–42. 
[15] J.  Myers. The growth of chlorella pyrenoidosa under various cultures conditions.  Plant Physiol, October,  19(4); 1944.  p. 579–589. 
[16] B. C. Benson, Kelly A. Rusch. Investigation of the light dynamics and their impact on algal growth rate in a hydraulically integrated serial 
turbidostat algal reactor (HISTAR).  Aquacultural Engineering 35;  2006.  p. 122–134. 
[17] T. J. Lundquist, I. C. Woertz, N. W. Quin, and J. R. A. Benemann. Realistic technology and engineering assessment of algae biofuel 
production. University of California, Berkeley: Energy Biosciences Institute; 2010. 
[18] A.A. Earp, G.B. Smith, P.D. Swift, J. Franklin. Maximizing the light output of a Luminescent Solar Concentrator.  Solar Energy Volume 
76; Issue 6; 2004.  p. 655–667.  
[19] M. Aboueiezz. Studies on the Photodegradation of Poly (Methyl Methacrylate).  NBSIR 78-1463, U. S. DEPARTMENT OF COMMERCE 
National Technical Information Service; Mai 1978. p. 1. 
 [20]  J. P. RUFENER. Contribution à l'étude des   Rhodamines. Thèse  de Doctorat, GENÈVE ; 1933 ;  p. 11.    
 [21] K. L. Yeh, J. S. Chang et W. M. Chen. Effect of light supply and carbon source on cell growth and cellular composition of a newly isolated 
microalgae Chlorella vulgaris.  ESP-31;  Engineering in Life Sciences _88; June 2010.  p. 201–208. 
 [22]  A. Rengal. Conception et analyses énergétique et environnementale d’un bioréacteur à microalgues pour la production d’énergie. Thèse 
Doctorat Paris Tech ; 2010. p. 03, 28 et 142. 
 
 
 
